The upstream region of the PSS gene contains three positive cis-acting elements, upstream activation sequences 1 and 2 (UAS1 and UAS2) and a TATA box. The 5' end of UAS1 occurs between positions -239 and -209, and that of UAS2 is between positions -172 and -164. UAS2 contains 5'-TTCACATG-3' as a core sequence at positions -161 to -154. Mutational analysis revealed that this octamer is responsible for the control of PSS expression by inositol and choline. The TATA box is located at positions -112 to -108. In addition, PSS contains a negative cis-acting sequence between UAS2 and the TATA box.
A number of enzymes involved in the synthesis of phospholipids in the yeast Saccharomyces cerevisiae are known to be repressed on the addition of myo-inositol (inositol) and choline to the culture medium (inositol-choline regulation) (for a review, see reference 2). The changes in the enzyme levels have been correlated with changes in mRNA abundance for many of these enzymes (1, 7, 8, 10) and thus have been thought to be due to transcriptional control of the relevant genes. Carman and Henry (2) reported that a computer search of several genes encoding phospholipidsynthesizing enzymes revealed two conserved sequences, 5'-ATGTGAAAT-3' and 5'-CCTTTTTTTTC-3', in their upstream regions. We studied the regulatory regions of the inositol-choline-regulated genes PEM1 and PEM2, which encode phosphatidylethanolamine methyltransferase and phospholipid methyltransferase, respectively (10); we found that the octameric sequence 5'-CATATGAA-3', which is not identical but is related to one of Carman and Henry's consensus sequences, plays an important role in the inositolcholine regulation of PEMI and PEM2. When inserted in front of a heterologous gene, CYCJ-lacZ (6), this sequence conferred sensitivity to inositol and choline upon this otherwise insensitive gene (10) .
The PSS (CHOI) gene (9, 12, 16) encoding phosphatidylserine synthase is also subject to inositol-choline regulation (1) and contains 5'-TTCACATG-3', the inverted equivalent of the above octamer, at positions -161 to -154 relative to the first ATG codon (9, 16 (10) to connect PSS to lacZ in frame. The pSZ1 plasmid obtained ( Fig. 1) mined as described previously (10) . ,-Galactosidase expressed by a sufficient length of the PSS upstream region was regulated by inositol and choline (Fig. 2) , but when the upstream region was sequentially deleted the inositolcholine regulation was lost between positions -164 and -155, the region in which the octamer sequence TTCA-CATG is located. This suggests that the octamer plays an important role in inositol-choline regulation of PSS as well as that of PEMI and PEM2 (10) . Figure 2 ments were isolated from the PSS upstream region and placed in front of the TATA box of the CYCl-lacZ gene on pLGA-178 (6). Transformants carrying the plasmids were grown in the minimum medium with or without inositol plus choline, and then 3-galactosidase activity was assayed.
When the 155-bp sequence comprising positions -286 to -132 or the 108-bp sequence comprising positions -239 to -132 was used, a high, similar level of inositol-cholineregulated P-galactosidase expression was observed (pSL286-132 and pSL239-132) (Fig. 3) . Thus the 5' end of UAS1 was located downstream of position -239 but upstream of position -209 (see above). However, the 78-bp fragment comprising positions -209 to -132 or the 52-bp fragment comprising positions -183 to -132, which only contains UAS2, gave considerably lower ,B-galactosidase activity; however, inositol-choline regulation did occur (pSL209-132 and pSL183-132). The 32-bp sequence comprising positions -163 to -132, containing the TTCACATG sequence but almost completely lacking its 5' neighboring sequence, gave a low level of gene expression, but inositol-choline regulation could still be observed (pSL163-132). pSL286-164 and pSL286-179, thought to contain only UAS1, directed certain levels of 3-galactosidase expression, but inositol-choline regulation could not be observed. pSL286-234, lacking both UAS1 and UAS2, gave a negligible level of gene expression. To confirm that the core sequence of UAS2, 5'-TTCA CATG-3', was indeed essential for the inositol-choline regulation of the PSS gene, point mutations were introduced into the octamer and its neighboring sequence and then the effects on gene expression were examined. Mutated octamers flanked by SalI linkers were synthesized and inserted into the SalI site of pSB149 (Fig. 1) . Transformants carrying PSS-lacZ preceded by the mutated octamers were cultured with and without inositol plus choline, and then 3-galactosidase activity was determined. The wild-type sequence directed P-galactosidase expression in an inositol-cholinesensitive manner (pSS1) (Fig. 4) . When nucleotides within the octamer were changed, the inositol-choline regulation and gene expression were completely lost (pSS3, pSS4, pSS5, and pSS6). However, when nucleotides outside the octamer were changed, the inositol-choline regulation was retained, although P-galactosidase expression was somewhat decreased (pSS2 and pSS7). We conclude that the TTCACATG octamer of UAS2 plays a central role in the inositol-choline regulation of the PSS gene. The sequence surrounding the octamer is probably not directly involved in the inositol-choline regulation but is stimulatory for PSS expression.
The CATATGAA sequence can be found not only in PSS (9, 16), PEMI, and PEM2 (11) but also in INOJ (3), CTR (13) , ITRI (17) , and PIS (15) . All of these genes except for PIS are subject to inositol-choline regulation. At present the reason why PIS is constitutively expressed (4, 10) is not known. The octamer is a rather weak UAS (10) . Consistently, in all of the regulatory regions determined, the octamer occurs in a tandem array (PEMI) or in a combination with a different UAS (PEM2, PSS). Our preliminary experiments have shown that the octamer can be mapped outside of the UAS region in PIS, suggesting that the octamer does not function in PIS (13) . In PIS the distance between the octamer and the UAS may not be appropriate for inositol-choline regulation to occur. Detailed analysis of the constitutive PIS promoter will provide further insight into the mechanism of the inositol-choline regulation of yeast phospholipid synthesis.
